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(57) ABSTRACT 


A mass flowmeter operating by the Coriolis principle incor¬ 
porates a straight Coriolis measuring lube through which 
flows a fluid or medium, at least one oscillator associated 
with and exciting the Coriolis measuring tube, and at least 
one detector associated with the Coriolis measuring lube lor 
capturing the Coriolis forces and/or the Coriolis-forcc-in- 
duccd osciHalloas. To provide a Coriolis flowmeter incor¬ 
porating a Coriolis measuring lube which is subject to only 
minimal thermal expansion and. accordingly, to only mini¬ 
mal thermal stress, and which is resistant to chemicals, the 
Coriolis measuring lube is made of a ceramic material. 
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CORIOLIS MASS KLOWMKTKK 


[0001] I 'his invention relates to a mass flowmeter operat¬ 
ing by the Coriolis principle anc! incorporating a straight 
Coriolis measuring tube through which Hows a lluid or 
medium, at least one oscillator associated with and exciting 
the Coriolis measuring tube, and at least one detector 
associated with the Coriolis measuring lube lor capturing the 
Coriolis Force values and/or the Coriolis-force-induced 
oscillations. 


[0002] T ’he above description stales that the mass How- 
meter discussed incorporates, inter alia, at least one oscil¬ 
lator “associated” with the Coriolis measuring tube, and at 
least one detector “associated” with the Coriolis measuring 
tube. It is common for the oscillators) or, in any event, part 
of the oscillator(s) and the detector(s) or, in any event, part 
of the detector(s) to be directly connected to the Coriolis 
measuring tube. However, since that is not absolutely nec¬ 
essary, the term “associated” is being used instead of “con¬ 
nected”. 


[0003] For mass flowmeters operating by the Coriolis 
principle, one fundamentally distinguishes between those 
with an at least essentially straight Coriolis measuring tube 
and those with a looped Coriolis measuring tube. In the case 
of the mass flowmeters discussed here, one also distin¬ 
guishes between designs employing only one Coriolis mea¬ 
suring tube and those with two Coriolis measuring tubes. 
Where two Coriolis measuring tubes are used, these may be 
connected in-line or positioned parallel to each other for the 
desired flow path. 

[0004] In recent times, mass flowmeters with only one, 
essentially straight, Coriolis measuring tube have gained in 
popularity. Mass flowmeters operating by the Coriolis prin¬ 
ciple and equipped with one straight Coriolis measuring tube 
offer considerable advantages over mass flowmeters 
employing either two straight Coriolis measuring tubes or 
one looped Coriolis measuring tube. Compared to mass 
flowmeters with two straight Coriolis measuring tubes, their 
main advantage is that they obviate the need for a flow 
divider and a flow combiner, required in the case of mass' 
flowmeters with two Coriolis measuring tubes. Compared to 
mass flowmeters employing one looped Coriolis measuring 
tube or two looped Coriolis measuring tubes, their main ^ 
advantage lies in the fact that a straight Coriolis measuring \ 
tube is easier to manufacture than a looped Coriolis mea¬ 
suring tube, that in the case of a straight Coriolis measuring 
tube there is less of a pressure drop than in a looped Coriolis 
measuring tube, and that a straight Coriolis measuring tube 
can be cleaned more thoroughly than a looped Coriolis 
measuring tube. 

[0005] Their advantages notwithstanding, mass flowme¬ 
ters with only one straight Coriolis measuring tube also have 
drawbacks. For example, longitudinal expansion due to 
thermal effects can cause stress patterns in straight Coriolis 
tubes which, in extreme cases, may lead to mechanical 
damage to the Coriolis measuring tube, such as stress 
fissures and breaks. The reason is that in straight Coriolis 
measuring tubes, unlike for instance looped Coriolis mea¬ 
suring tubes, stress patterns caused by thermal expansion are 
not absorbed by a varied radius of curvature of the tube. 

[0006] Another problem, albeit peculiar to all mass flow¬ 
meters operating by the Coriolis principle regardless of 
whether these mass flowmeters employ one Coriolis mea¬ 
suring tube or several Coriolis measuring tubes and regard¬ 
less of whether the Coriolis measuring tubes are straight or 


looped, consists in the fact that, depending on the material 
used for the Coriolis measuring luhc(s), chemical substances 
which would tend to corrode that material cannot be mea¬ 
sured in the Coriolis mass flowmeter concerned. This might 
possibly impose severe limitations on the range of applica¬ 
tions of the individual Coriolis mass flowmeter, necessitat¬ 
ing the use of a different type of Coriolis mass flowmeter, 
meaning the replacement of the built-in Coriolis mass flow¬ 
meter. 


[0007] In view of the above, it is the objective of this 
invention to provide a mass flowmeter, operating by the 
Coriolis principle, with one Coriolis measuring tube which 
displays only minor thermal expansion and corresponding 
stress patterns while at the same time offering high chemical 
resistance to corrosive substances. 


[000S] The mass flowmeter according to this invention 
which solves the a hove mentioned problem is characterized 
in that the Coriolis measuring tube consist of a ceramic 
material. A Coriolis measuring tube made from a ceramic 
material offers the advantage of permitting operation in a 
very wide temperature range including very high tempera¬ 
tures, displaying only moderate thermal expansion through¬ 
out the said wide operational temperature range. At the same 
time, ceramic materials are not affected, or barely so, by 
corrosive substances such as chloric gases or liquids, which 
opens up a broad spectrum of possible applications for the 
Coriolis flowmeter according to this invention. 


[0009] It is basically possible to use virtually any ceramic 
material for the Coriolis measuring tube in the Coriolis-type 
mass flowmeter according to this invention. Particular pref¬ 
erence, however, is given to ceramic materials with espe¬ 
cially high chemical resistance and with a low thermal 
expansion coefficient. Preferably, then, the Coriolis measur¬ 
ing tube consists of zirconium oxide or aluminum oxide and, 
according to a particularly preferred embodiment of this 
invention which allows the use of the Coriolis mass flow¬ 
meter for virtually all chemical compounds save for hydrof¬ 
luoric acid (IIP), of zirconium-stabilized aluminum oxide 
containing in excess of 5 % zirconium. As an alternative, the 
Coriolis measuring tube for the mass flowmeter according to 
this invention preferably uses nitride ceramics. 


[0010] The mass flowmeter of this invention, operating by 
the Coriolis principle, can be structured along essentially 
any conventional mass flowmeter design employing a single 
straight Coriolis measuring tube. However, in a preferred 
embodiment of this invention, a design is used whereby the 
mass flowmeter is provided with an outer enclosure which 
features a flange permitting installation in a pipe system. It 
is particularly desirable in this case to decouple the Coriolis 
measuring tube from any longitudinal forces in the pipe 
system in which it is installed. Such decoupling is preferably 
obtainable by firmly attaching the two ends of the Coriolis 
measuring tube to the outer enclosure while dimensioning 
and positioning it in such fashion that the Coriolis measuring 
lube is slightly set back from the lateral surfaces of the 
Coriolis mass flowmeter so that, when installed in the pipe 
system, it docs not make direct contact with the latter. 


[0011] As an alternative, it is also possible to connect only 
one end of the Coriolis measuring tube to the outer enclo¬ 
sure, allowing the Coriolis measuring tube to be longitudi¬ 
nally moved in relation to the outer enclosure. This approach 
serves as well to decouple the Coriolis measuring tube from 
the pipe system with respect to longitudinal forces. 

[0012] To keep the Coriolis measuring tube in its proper 
position despite its longitudinal movability, elastic mounts 
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aru provided helween (he faces ol lhe Coriolis measuring 
luhe and the flange of the pipe system in which the Coriolis 
mass flowmeter can he installed, preferably in the form of 
0-ring gaskets which serve as an elastic support for the end 
section of the Coriolis measuring tube that is movable 
relative to the outer enclosure. In terms of ihe problem of 
longitudinal forces which are present in the longitudinal 
direction ol, and bear on, the Coriolis measuring lube, it 
should be stated that ceramic components oiler a certain 
resistance to longitudinal pressure while longitudinal trac¬ 
tive forces can much more readily lead to problems, mean¬ 
ing damage to the ceramic component. In view of this fact, 
the measures described above are intended to essentially 
decouple the Coriolis measuring tube from the longitudinal 
tractive forces. 


[0013] In a further, preferred design embodiment of the 
Coriolis mass flowmeter according to this invention, at least 
one end of the Coriolis measuring lube is equipped with a 
(irmly attached ring element which preferably consists of 
metal or a plastic material and by way of which the Coriolis 
measuring tube is connected to the outer enclosure. A ring of 
this type can serve several purposes: For one, the ring 
facilitates the attachment of the outer enclosure to the 
ceramic Coriolis measuring tube. For another, the ring can 
serve as a locating guide and support for a gasket. In 
addition, the ring element that is firmly attached to one end 
of the Coriolis measuring tube can help neutralize stress 
patterns in the ceramic Coriolis measuring tube which are 
caused by thermal expansion of the ceramic Coriolis mea¬ 
suring lube. If the Coriolis measuring tube were directly and 
solidly connected to the outer enclosure of the Coriolis mass 
flowmeter, the strength and substantial rigidity of the outer 
enclosure would not permit any changes in length of the 
ceramic Coriolis measuring tube without at least some stress 
arising in the Coriolis measuring tube. But a ring element 
firmly connected to the end of the Coriolis measuring tube, 
by virtue of a certain degree of elasticity, allows for at least 
a small, thermally induced longitudinal movement of the 
Coriolis measuring lube, eliminating or at least minimizing 
thermal-expansion-relaled stress patterns in the latter. Of 
course, the ring element that is firmly attached to one end of 
the Coriolis measuring tube will permit only longitudinal 
shifts of the Coriolis measuring tube which do not affect the 
symmetry' and corresponding measuring accuracy of the 
Coriolis mass flowmeter. 

[(Mil4] The ring element can be attached to the end of the 
ceramic Coriolis measuring lube in a variety of ways. 
Prelerably, however, the ring is crimped or shrink-mounted 
onto the ceramic Coriolis measuring lube. If the ring is of 
metal, it may also be welded onto a metallized surface 
section of the ceramic Coriolis measuring tube. 

[0015] A further, preferred invention embodiment pro¬ 
vides for the ceramic Coriolis measuring lube according to 
this invention to be impervious to gas and liquids bv means 
ol a seal between the end laces of the Coriolis measuring 
tube and the corresponding end faces of the flanges of the 
pipe system in which the Coriolis mass flowmeter is 
installed. Most preferably, this seal separates the Coriolis 
measuring tube from both the outer enclosure and the pipe 
system in which the Coriolis mass flowmeter is to be used. 
Also, a seal of this type when provided in the Coriolis mass 
flowmeter serves the additional purj7o.se of absorbing and 
compensating for any thermally induced longitudinal expan¬ 
sion ol the ceramic Coriolis measuring tube or of the pipe 
system and any possibly resulting compressive force exerted 
on the ceramic Coriolis measuring lube, thus essentially 


preventing such thermal expansion from engendering stress 
patterns in the Coriolis measuring lube. Most preferably, 
there lore, the seal consists ol rubber or a plastic material, 
preferably Vi ton© or Kalrc*/©. 

[0016] According to a preferred further embodiment of 
this invention, the outer enclosure can be attached to the 
ends of the ceramic Coriolis measuring tube in simple, 
dependable and damage-free fashion by making the wall of 
the Coriolis measuring tube at least at one end thicker than 
in its mid-section. To ensure optimum oscillatory properties 
of the ceramic Coriolis measuring lube, the wall thickness in 
the m id-sect ion ol the ceramic Coriolis measuring lube is 
preferably less than 1 mm and is preferably about 0.7 mm, 

[0017] In a preferred further development, an internal 
cylinder is attached to the ends of the Coriolis measuring 
Lube in the mass flowmeter according to this invention. Mere 
as well, it is desirable to attach the internal cylinder in an 
area of the ceramic Coriolis measuring lube in which the 
wall is thicker than in the mid-section whose wall thickness 
is reduced for optimal oscillation. 

[0018] Finally, a preferred embodiment of the mass flow¬ 
meter according to this invention provides for the Coriolis 
measuring lube to be installable in the pipe system in such 
fashion that the Coriolis measuring tube is decoupled from 
the pipe system in terms of any bending force emanating 
from the pipe system and potentially affecting the Coriolis 
measuring tube. Phis can be accomplished, for instance, by 
providing at the ends of the Coriolis measuring tube an 
elastically deformable bufler ring between the Coriolis mea¬ 
suring lube and the outer enclosure which is elastically 
deformable in a direction which is essentially perpendicular 
to the longitudinal axis ol the Coriolis measuring lube. Thus, 
any axial bending force of the pipe system that would be 
transferred to the mass flowmeter at an angle essentially 
perpendicular to the axis of the Coriolis measuring tube, 
while deforming the buffer ring, will for all practical pur¬ 
poses be absorbed without deforming the Coriolis measuring 
tube. 


[0019] There are numerous ways in which the mass flow¬ 
meter according to this invention can be configured and 
further enhanced. In this context, reference is made to the 
dependent claims and to the following description of pre¬ 
ferred embodiments of this invention in conjunction with the 
drawings, in which: 


[0020] MG. 1 is a schematic cross-sectional view of pari 
of a Coriolis mass flowmeter according to a first preferred 
embodiment ol this invention, installed in a pipe system; and 


[0021J MG. 2 is a schematic cross-sectional view of a 
Coriolis mass flowmeter according to a second preferred 
embodiment of this invention. 


[0022] The schematic cross-sectional illustration in FIG. 1 
shows a Coriolis mass flowmeter according to a first pre¬ 
ferred embodiment of this invention in its installed position, 
i.e. the junction between the Coriolis mass flowmeter and 
the pipe system in which it is used. The Coriolis measuring 
tube 1 according to the first preferred embodiment of this 
invention consists of zirconium-stabilized aluminum oxide 
containing in excess of 5 % zirconium. This material permits 
the use ol the Coriolis mass flowmeter for practically any 
chemical substance with the exception of hydrofluoric acid. 
The ceramic Coriolis measuring tube 1 Is housed in a 
metallic outer enclosure 2 which also defines the outer 
dimensions of the Coriolis mass flowmeter. While in its 
mid-section the outer enclosure 2 has a diameter substan- 
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tially larger than that of the Coriolis measuring lube l, the 
two ends of the outer enclosure 2, of which only the 
left-hand end is shown in MG. 1, arc of a smaller diameter 
so as to facilitate the attachment of the enclosure 2 to the 
Coriolis measuring lube 1 and to allow the attachment, 
positionally fixed in the longitudinal direction, of a flange 3 
to the enclosure 2. The flange 3 serves tor mounting the 
Coriolis mass flowmeter on the pipe system 4 in which the 
Coriolis mass flowmeter is to be used. 


[0023] A metal ring 5 is located between the smallor- 
diameter end of the outer enclosure 2 and the Coriolis 
measuring tube 1 and, according to the first preferred 
embodiment of this invention as shown in FIG. 1, is 
crimp-mounted on the Coriolis measuring tube 1. A solid 
connection between the ring 5 and the enclosure 2 can be 
obtained by welding. 


[0024] For mounting the Coriolis mass flowmeter to the 
pipe system 4, the pipe system 4 is provided with a flange 

6 which attaches to the flange 3 of the Coriolis mass 
flowmeter. As can be seen in FIG. 1, the length ol the 
Coriolis measuring tube 1 and its position within the outer 
enclosure 2 are such that the Coriolis measuring tube 1 will 
not protrude beyond the lateral ends or limits of the enclo¬ 
sure 2 but will in fact be slightly set back from these ends. 
According to the first preferred embodiment of the inven¬ 
tion, this permits the positioning of a plastic seal 7 between 
the Coriolis measuring tube 1 and its crimp-mounted ring 5 
and, respectively, the flange 6 of the pipe system 4. The seal 

7 essentially performs these functions: it seals the Coriolis 
measuring tube 1 against both the outer enclosure 2 and the 
pipe system 4; it also serves as a buffer for the Coriolis 
measuring tube 1 against the longiLudinal, axial forces which 
could potentially be transferred, for instance, trom the pipe 
system 4 into the Coriolis mass flowmeter and thus to the 
Coriolis measuring tube 1. 


[0025] If such longitudinal, axial forces were to directly 
bear on the end faces of the Coriolis measuring tube 1, the 
result could easily be a pattern of extreme mechanical stress, 
leading to breakage of the Coriolis measuring tube 1. This is* 
prevented, however, by virtue of the design depicted in FIG. 

1 and described above. Also, under normal installation 
conditions there is no direct contact between the flange 3 of , 
the Coriolis mass flowmeter and the flange 6 of the pipe 
system 4 which contact would transmit compressive forces, 
i.e. the flange 3 of the Coriolis mass flowmeter does not 
itself touch the flange 6 of the pipe system 4, so that any 
compressive forces emanating from the pipe system 4 are 
effectively stopped and absorbed by the seal 7. Tractive 
forces originating in the pipe system 4 for instance when the 
flange 3 of the Coriolis mass flowmeter and the flange 6 of 
the pipe system are bolted together, are only transferred via 
the junction between the outer enclosure 2 and the Coriolis 
measuring tube I, and thus primarily by way of the ring 
element 5 crimp-mounted on the Coriolis measuring tube 1, 
Since these forces come to bear on the Coriolis measuring 
tube I in a longitudinal direction but from the side, they 
cannot build up the same undesirable stress, often leading to 
breakage of the Coriolis measuring tube 1, that would be 
generated if the forces were to be longitudinally transferred 
directly to the end faces of the Coriolis measuring tube 1. 
Moreover, the ring 5, being of metal, has a certain measure 
of elasticity and at least to some degree provides an elastic 
connection between the outer enclosure 2 and the Coriolis 
measuring tube 1, counteracting the generation of such 
stress patterns in the Coriolis measuring tube 1 possibly 
caused by thermally induced longitudinal expansion. 


[0026] As can be seen in FIG. 1, the flange 3 connects to 
the outer enclosure 2 via a threaded section. For added 
positional stability and the positive prevention of a longi¬ 
tudinal shifting between the enclosure 2 and the flange 3 ol 
the Coriolis mass flowmeter, a weldment can be provided 
between the enclosure 2 and the flange 3. 


[0027] According to the first preferred embodiment of this 
invention, a particularly secure positioning of the seal 7 is 
obtainable by providing on the latter an annular ledge along 
its radial perimeter which ledge protrudes between the 
Coriolis measuring lube 1 and the outer enclosure 2 all the 
way to the ring 5 that is crimp-mounted on the Coriolis 

rrn'.rtciirirm tnht'. 1 . 


[0028] FIG. 2 is a schematic cross-sectional view of a 
Coriolis mass flowmeter according to a second preferred 
embodiment of this invention. In this second preferred 
embodiment of the invention, the wall is thicker at the two 
ends of the ceramic Coriolis measuring lube 1 than in the 
nf micl-sf'i'iinn. In this fashion, the ends at which the 


Coriolis measuring tube 1 is connected to the outer enclo¬ 
sure 2 oiler the necessary wall thickness and ensure corre¬ 
spondingly high stability of the Coriolis measuring tube 1 
while its mid-sect ion, which is subjected to an excitation 
oscillation and also registers the Coriolis oscillations of the 
flowing medium, offers good oscillatory properties. Apart 
from attaching the outer enclosure 2 by way of the ring 
element 5 crimp-mounted on the Coriolis measuring tube l 
at its thick-walled end section, an internal cylinder 8 is 
attached to the said end section with the aid of annular 


wedges 9. The above statement relative to the stability and 
strength of the Coriolis measuring tube 1 also applies in 
conjunction with the mounting of the internal cylinder 8 
using annular wedges 9. 

[0029] Typically mounted inside the internal cylinder 8 
but not illustrated in FIG. 2 Cor simplicity's sake, are an 
oscillator exciting the Coriolis measuring tube 1 and at least 
one detector capturing the Coriolis lorces and/or the oscil¬ 
lations derived from the Coriolis lorces. 


[0030] As in the first preferred embodiment of this inven¬ 
tion described above, the ceramic Coriolis measuring tube 1 
in the second preferred embodiment of the invention shown 
in FIG. 2 is again so dimensioned and positioned that on 
both sides of the Coriolis mass flowmeter, it is set back trom 
the ends of the Coriolis mass flowmeter, defined by the outer 
1 'This allows for the installation of a seal 7 which. 


as explained above, serves to stop and buffer the longitudinal 
forces that would otherwise bear on the end faces of the 
Coriolis measuring tube 1. In the second preferred embodi¬ 
ment of the invention, the seal 7 is an O-ring gasket 


consisting of Kalrez® and simply inserted at the end section 
of the Coriolis mass flowmeter between the Coriolis mea¬ 


suring tube 1 and, not shown in FIG. 2, the flange of the pipe 
system in which the Coriolis mass flowmeter is installed. 


[0031] As has been stated further above, the Coriolis 
measuring tube in the mass flowmeter according to this 
invention preferably consists of zirconium-stabilized alumi¬ 
num oxide containing in excess of 5% zirconium. In terms 
of the properties of the ceramic material used for the Coriolis 
measuring tube, the following parameters apply as indi¬ 
vidual alternatives or cumulatively in any combination: 


[0032] a) The thermal expansion coefficient should 
be between that of steel and that of titanium. 


[0033] b) The density should be higher than that of 
titanium but lower than that of steel. 
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[0034] c) The hcndini> strength should he somewhat 
less than that of titanium hut greater than that of 
steel. 

[0035] d) The coefficient of elasticity should he 
roughly that of steel. 

[0036] e) 'Hie compression resistance should he very 
high relative to that of titanium and steel. 

[0037] Specifically, a ceramic material having the follow¬ 
ing individual or combined properties is recommended: 

[0038] a) Density: 5.7 g/cnr’ 

[0039] b) Hardness (Knoop, 100 g): 17,000 N/mm 2 
[0040] c) Compression resistance: 3,000 N/mm 2 
[0041] d) Bending strength: 450 N/mm : 

[0042] e) Coefficient of elasticity: 360,000 N/mm 2 
[0043] f) Coefficient of thermal expansion:.!0 5 /K. 

1. A mass flowmeter operating by the Coriolis principle 
and incorporating a straight Coriolis measuring tube (1) 
through which Hows a fluid or medium, at least one oscil¬ 
lator associated with and exciting the Coriolis measuring 
tube (1), and at least one detector associated with the 
Coriolis measuring tube (1) for capturing the Coriolis force 
values and/or the Coriolis-force-induced oscillations, char¬ 
acterized in that the Coriolis measuring tube (1) consists of 
a ceramic material. 

2. The mass flowmeter as in claim 1, characterized in that 
the Coriolis measuring lube (1) consists of zirconium oxide, 
a nitride ceramic or aluminum oxide—especially zircon ium- 
stabilized aluminum oxide containing in excess of 5% 
zirconium. 

3. The mass flowmeter as in claim j or 2, characterized in 
that it incorporates an outer enclosure (2) provided with 
flanges (3) and that the mass flowmeter can be installed in 
a pipe system (4) with the aid of said flanges (3). 

4. The mass flowmeter as in claim 3, characterized in that 
the Coriolis measuring tube (1) can be installed in the pipe 
system (4) in such fashion that the Coriolis measuring lube 
(1) is decoupled from forces emanating from the pipe system 
(4) and impinging on the Coriolis measuring tube (1) in a 
longitudinal direction. 

5. rhe mass flowmeter as in claim 3 or 4, characterized in 
that at least at one of its two ends, the Coriolis measuring 
lube (I) is firmly connected to the outer enclosure (2). 

6. The mass flowmeter as in claim 5, characterized in that 
at least on one end section, the Coriolis measuring lube (1) 
is provided with a ring element (5) firmly attached to the 
Coriolis measuring lube (1) and is connected to the outer 
enclosure (2) by way of said ring element (5). 

7. The mass flowmeter as in claim 6, characterized in that 
the ring element (5) is crimp- or shrink-mounted. 

8. The mass flowmeter as in one of the claims 4 to 7, 
characterized in that at one of its two ends, the Coriolis 
measuring tube (1) is movable in its longitudinal direction 
relative to the outer enclosure (2). 


9. Die mass flowmeter as in claim 4, characterized in that 
at both of its two ends, the Coriolis measuring tube (1) is 

movable in its longitudinal direction relative to the outer 
enclosure (2). 


10. 1 he mass flowmeter as in one of the claims 3 to 9, 
characterized in that a seal (7) is provided between the end 
laces til the Coriolis measuring tube (1) and a corresponding 
flange (6) of the pipe system (4). 


M. Che mass flowmeter 


as in claim 10, characterized in 


that the seal (7) consists of rubber or of a plastic material, 
preferably Vi ton® or Kalrez©. 

12. ITie mass flowmeter as in claim 10 or 31, character¬ 
ized in that the seal (7) separates the Coriolis measuring tube 
(1) from both the outer enclosure (2) and the pipe system (4). 

13. The mass flowmeter as in one of the claims 10 to 12, 
characterized in that the seal (7) is provided with an annular, 
peripheral ledge which protrudes between the Coriolis mea¬ 
suring tube (1) and the outer enclosure (2) up to the ring 
element (5) mounted on the Co roil is measuring tube <!)■ 

14. Tile mass flowmeter as in one of the claims 10 to 13, 
characterized in that the seal (7) serves as an elastic mount 
for one end of the Coriolis measuring lube (1) which permits 
movement relative to the outer enclosure (2). 

15. Che mass flowmeter as in one of the claims 1 to 14, 
characterized in that the Coriolis measuring tube (1) has a 
greater wall thickness in at least one of its end sections than 
in its mid-section. 


16. The mass flowmeter as in claim 15, characterized in 
that the wall thickness in the mid-section of the Coriolis 
measuring lube (1) is less than 1 mm and is preferably about 
0.7 mm. 


17. The mass flowmeter as in one of the claims 1 to 16, 
characterized in that an internal cylinder (8) is attached to 
the end sections of the Coriolis measuring lube (1). 

18. Ihc mass flowmeter as in claim 17, characterized in 
that the internal cylinder (8) houses an oscillator or oscil¬ 
lators associated with and exciting the Coriolis measuring 
tube (1), and/or a detector or detectors associated with the 
Coriolis measuring tube (1) and capturing Coriolis forces 
and/or oscillations derived Irom Coriolis forces. 

19. The mass flowmeter as in one of the claims 3 to 18, 
characterized in that the Coriolis measuring tube (1) can be 
installed in the pipe system (4) in such fashion that the 
Coriolis tube (1) is decoupled from bending forces emanat¬ 
ing from the pipe system (4) and bearing on the Coriolis 
measuring tube (1). 

20. I he mass flowmeter as in claim 19, characterized in 
that the end sections of the Coriolis measuring tube (1) are 
each provided with an elastically deformable buffer ring 
mounted between the Coriolis measuring tube (1) and the 
outer enclosure (2) which is elastically deformable in a 
direction essentially perpendicular to the longitudinal axis of 
the Coriolis measuring tube (1). 


* * * 


* * 



